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IC CARD 

Cross Reference To Related Applications 

[0001] 

5 The present document is based on Japanese Priority 

Document JP2002-349983 , filed in the Japanese Patent Office 
on December 2, 2002, the entire contents of which being 
incorporated herein by reference. 

10 Background of the Invention 

1. Field of the Invention 
[0002] 

The present invention relates to an IC card having an 
information recording medium for use in, for example, an ID 

15 card (identification card) , a membership card, a prepaid card , 
a cash card, a commuter 1 s pass and the like . More particularly , 
the present invention is concerned with an IC card having both 
recorded information of electronic data and visible 
information . 

20 2. Description of Related Art 
[0003] 

Conventionally, in ID cards for identifying individuals , 
a method for magnetically or optically reading information 
recorded has been widely used in a credit card and the like. 

25 However, the techniques are popularized and the data in the 
cards is easily altered or forged cards are spread, and there 
are increasing cases where people actually suffer damage from 
the forged cards. For this reason, in recent years, as means 
capable of controlling and protecting personal data, an IC 

30 card having an IC chip incorporated has drawn attention since 
it has a large data capacity and it can contain coded data. 
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[0004] 

Data to be recorded on an IC card is contained in an 
IC chip incorporated into the IC card. Therefore, for display 
or reading of the data recorded on the IC card, it is necessary 
5 to read the recorded data by means of a special reading apparatus , 
and therefore general users cannot read the data by themselves . 
For example, in membership cards in which a high premium or 
a point is put on members, inguiry by an information note or 
the like is separately reguired for if it is merely recorded 
10 onto the card. Further, when merely recording data onto a 
card of a commuter's pass, a means for reading the data is 
* separately reguired. 
[0005] 

There are increasing demands of easy display of the 
15 recorded data and, recently, for meeting the demands, a 
technigue has been developed in which a 

polymer/low-molecule-type rewritable display medium, which 
contains an organic low molecule dispersed in a resin binder, 
and which achieves display by utilizing the opaque- transparent 

20 contrast, or a rewritable display medium, which contains a 
leuco compound and a color developing and erasing agent which 
reacts with the leuco compound dispersed in a resin binder, 
and which controls heat energy so that the leuco compound colors 
or erases the color, is provided as a rewritable display layer 

25 on the surface of a card. The above rewritable display layer 
is constituted by support , e.g. , a plastic sheet , colored layer , 
recording (polymer/low-molecule or leuco compound, color 
developing and erasing agent) layer and protecting layer. 
[0006] 

30 The rewritable display layer is formed on at least one 

surface of a shaped article having an IC module disposed between 
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multilayered plastic sheets including two or more layers 
wherein the IC module has an IC mounted portion reinforced 
by a sealing resin or a reinforcing plate. 
[0007] 

5 The ICmodule includes an IC chip mounted on an insulating 

substrate having an antenna coil, and the IC mounted portion 
of the IC module partially has a projection on the front and 
back surfaces due to the sealing resin or reinforcing plate 
provided thereon. For this reason, there is a problem in that 

10 the uneven surface of the IC module causes the card surface 
to be uneven during forming of the card and to lower the flatness 
and hence a spacing loss is caused between the rewritable 
display layer and a printing head during a printing operation, 
leading to an occurrence of print missing or slight touching, 

15 so that satisfied printing properties cannot be secured. 
Therefore, recently in the IC card production technique, it 
is very important to develop a method for securing favorable 
flatness of surface of the card after being formed. 
[0008] 

20 As a conventional technique for improving the flatness 

of the card surface, for example, a structure of a card in 
which a through hole (relief hole) is formed in a plastic sheet 
stacked on an IC module in a region corresponding to the IC 
mounted portion so as to absorb the uneven surface of the IC 

25 module is described in patent document 1 shown below. In 
addition, a structure of a card in which the multilayered 
plastic sheet is improved in the combination of sheet thickness 
or the constituent materials to adjust the fluidity of the 
resins so as to absorb the uneven surface of the IC module 

30 is described in patent document 2 shown below. 
[0009] 
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[Patent document 1] 

Japanese Patent Application Publication No. 2001-319210 
[Patent document 2] 

Japanese Patent Application Publication No. 2001-283175 

5 

Summary of the Invention 

[0010] 

As mentioned above , a conventional IC card cannot achieve 
satisfied flatness of the surface due to the uneven surface 

10 of the IC mounted portion of the IC module incorporated, and 
therefore the IC card having a rewritable display layer on 
its surface poses a problem in that a spacing loss is caused 
when indicating the recorded data on the card surface by means 
of a printing head and thus print missing or slight touching 

15 occurs, lowering the printing properties. 
[0011] 

In view of the above problems, the present invention 
has been made and a task is to provide an IC card which secures 
satisfied flatness of the card surface to achieve satisfied 
20 printing properties on the card surface. 
[0012] 

The present inventors have conducted extensive and 
intensive studies with a view toward solving the above problems . 
As a result, they have found that, when the projection height 

25 in the IC mounted portion of the IC module and the height of 
the through holes for containing the IC mounted portion wherein 
the through holes are formed in the sheet materials 
constituting the core layer having the IC module disposed 
therein meet a certain requirement, the flatness of surface 

30 of the card after being formed can be improved, and the present 
invention has been completed. 



5 

[0013] 

Specifically, an IC card of the present invention has 
a characteristic feature such that, when the sum of the heights 
of the through holes is taken as A (jam) , the projection height 
5 on the IC mounted surface of the IC module is taken as Bl (Urn) , 
and the projection height on the IC non-mounted surface of 
the IC module is taken as CI (|im) , the value of A falls in 
the range of (Bl + CI) ± 30 (am. 
[0014] 

10 When the sum A of the heights of the through holes is 

larger than the sum of the projection heights Bl, CI of the 
IC module, an empty region in which the IC mounted portion 
is not contained is formed in the through hole to cause a step. 
This step is filled with a molten resin which flows from the 

15 periphery during the forming, so that the card surface portion 
above the IC mounted portion is prevented from becoming uneven , 
thus improving the flatness of the card surface . In addition , 
when the sum A of the heights of the through holes is smaller 
than the sum of the pro j ection heights Bl , CI of the IC module , 

20 the IC mounted portion projecting from the through hole forms 
a step, and the sheet materials stacked on the step are molten 
by heating during the forming and spread to absorb the step, 
so that the card surface portion above the IC mounted portion 
is prevented from becoming uneven, thus improving the flatness 

25 of the card surface. 
[0015] 

On the other hand, when the difference between the sum 
A of the heights of the through holes and the sum of the 
projection heights (Bl + CI) is larger than 30 |im, an empty 
30 region caused in this case is not absorbed satisfactorily 
during the forming process and eventually causes the card 



. 6 

surface to be uneven, so that favorable printing properties 

cannot be obtained. 

[0016] 

Another IC card of the present invention has a 
5 characteristic feature such that, when the projection height 
on the IC mounted surface of the IC module is taken as Bl (|-im) , 
the projection height on the IC non-mounted surface of the 

IC module is taken as CI (|-im) , the height of the through hole 
on the side of the IC mounted surface of the IC module is taken 
10 as B (|im) , and the height of the through hole on the side of 
the IC non-mounted surface of the IC module is taken as C {\im) , 
a relationships B = Bl ± 30 |am, and C = CI ± 30 jam are satisfied. 
It is noted that, when CI is 0, C is 0. 
[0017] 

15 When the heights B, C of the through holes are 

respectively larger than the projection heights Bl , CI of the 
IC module, an empty region in which the IC mounted portion 
is not contained is present in the through hole. This region 
is filled with a molten resin which flows from the periphery 

20 during the forming, so that the card surface portion above 
the IC mounted portion is prevented from becoming uneven , thus 
improving the flatness of the card surface . In addition , when 
the heights B, C of the through holes are respectively smaller 
than the projection heights Bl, CI of the IC module, the IC 

25 mounted portion pro j ecting from the through hole forms a step , 
and the sheet materials stacked on the step are molten by heating 
during the forming and spread to absorb the step, so that the 
card surface portion above the IC mounted portion is prevented 
from becoming uneven, thus improving the flatness of the card 

30 surface. 
[0018] 
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On the other hand, when the difference between the height 
B of the through hole and the projection height Bl and the 
difference between the height C of the through hole and the 
projection height CI are individually larger than 30 \im, the 
5 step caused in this case is not absorbed satisfactorily during 
the forming process and eventually causes the card surface 
to be uneven, so that favorable printing properties cannot 
be obtained. 
[0019] 

10 Thus, by virtue of having a structure such that the sum 

A of the heights of the through holes or the heights B and 
C of the individual through holes fall within the above range, 
the surface of the card after being formed can secure favorable 
flatness to achieve favorable printing properties on the card 

15 surface. 
[0020] 

In the IC card of the present invention, by adjusting 
the relationship between the projection height in the IC 
mounted portion of the IC module and the height of the through 
20 holes formed in the sheet materials having the IC module 
disposed therebetween, an IC card having flatness sufficient 
to secure satisfied printing properties with respect to the 
rewritablerewritable display layer formed on the card surface 
can be obtained. 

25 

Brief Description of the Drawings 

[0021] 

The above and other objects, features and advantages 
of the present invention will become more apparent from the 
30 following description of the presently preferred exemplary 
embodiments of the invention taken in conjunction with the 
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accompanying drawings, in which: 
[0022] 

FIG. 1 is a sectional side view showing one example of 
the structure of an IC card 10 according to an embodiment of 
5 the present invention; 
[0023] 

FIG. 2 is a view showing a circuit configuration of the 
IC card 10; 
[0024] 

10 FIG. 3 is a plan view of an IC module 11 constituting 

the IC card 10; 
[0025] 

FIG. 4 is a sectional side view showing the structure 
of an IC mounted portion of the IC module 11; 
15 [0026] 

FIG. 5 is a sectional side view showing whole of the 
IC module 11; 
[0027] 

FIG. 6 is a sectional side view of an IC card, showing 
20 one example of the structure of a core layer 12 having the 
IC module 11 disposed therein; 
[0028] 

FIG. 7 is a sectional side view of an IC card, showing 
another example of the structure of the core layer 12; and 
25 [0029] 

FIG. 8 is a sectional side view of an IC card, showing 
still another example of the structure of the core layer 12. 



Description of the Preferred Embodiments 

30 [0030] 

Hereinbelow, preferred embodiments of the present 



invention will be described with reference to the drawings . 
[0031] 

FIG. 1 shows one example of the structure of a 
non-contact IC card 10 according to an embodiment of the present 
invention. A core layer 12 including a plurality of 
thermoplastic plastic sheets fused together has an IC module 
11 disposed therein. In FIG. 1, on the upper surface of the 
core layer 12, a rewrite sheet 25 including a 
rewritablerewritable heat-sensitive recording layer 23 and 
a protecting layer 24 is stacked on an outer sheet 22 as a 
printing sheet. An outer sheet 21 as a printing sheet is 
stacked on the lower surface of the core layer 12. 
[0032] 

The IC module 11 includes an insulating substrate 19, 
an antenna coil formed on the insulating substrate 19 , an IC 
chip 14 mounted on the antenna coil, an sealing resin 15 for 
encapsulating the IC chip 14 , and a reinforcing plate 16 formed 
on the IC chip 14 through the sealing resin 15. If desired, 
a reinforcing plate 18 is provided through a sealing resin 

(adhesive material) 17 on an IC mounted portion on the IC 
non-mounted surface (upper surface as viewed in FIG. 1) of 
the insulating substrate 19. 

[0033] 

FIG. 2 shows a basic circuit configuration of the IC 
module 11 in the- present embodiment. The IC module 11 has 
a structure such that a rectifying "diode 28 , a smoothing 
capacitor 29, and the IC chip 14 are connected to a resonance 
circuit , which is constituted of an antenna coil 26 and a tuning 
capacitor 27 . The antenna coil 26 is used as a part separated 
from the IC chip 14, but the tuning capacitor 27, rectifying 
diode 28, and smoothing capacitor 29 may be incorporated into 
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the IC chip 14. 
[0034] 

The antenna coil and other conductor patterns used in 
the IC card 10 having the circuit configuration shown in FIG. 
5 2 are formed by subjecting to pattern etching treatment a foil 
or line product having electrical conductivity , e.g., copper, 
aluminum, gold, or silver, or a conductor layer formed from 
the above metal on the insulating substrate 19 using a vapor 
deposition or plating method. FIG. 3 is a diagrammatic plan 
10 view of the IC mounted surface of the IC module 11, and shows 
that the IC chip 14 is connected to the individual end portions 
of the antenna coil 26. 
[0035] 

The insulating substrate 19 is comprised of a single 
15 material, e.g., polyimide; polyester, such as polyester, 
polyethylene terephthalate , or polyethylene naphthalate; 
polyolefin, such as propylene; cellulose, such as cellulose 
triacetate or cellulose diacetate; a vinyl resin, such as an 
acrylonitrile-butadiene-styrene resin , an 
20 acrylonitrile-styrene resin , polystyrene, polyacrylonitrile , 
polymethyl acrylate, polymethyl methacrylate , polyethyl 
acrylate, polyethyl methacrylate , vinyl acetate, or polyvinyl 
alcohol; or polycarbonate, or a mixture thereof, and any 
organic materials can be used as long as they have insulation 
25 properties. With respect to the thickness and the elastic 
modulus, a plastic film having an elastic modulus of 300 N/m 2 
or more and a thickness of 20 to 100 fim can be used. 
[0036] 

As an example of a method for forming, on the insulating 
30 substrate 19, the antenna coil 26, the tuning capacitor 27, 
the rectifying diode 28, the smoothing capacitor 29, the IC 
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chip 14 and the like, there can be mentioned a method of fixing 
them together using a polymeric organic 

substance/low-molecular organic substance or a composite 
thereof. 
5 [0037] 

As a usable resin, a single material of a thermoplastic 
resin, e.g. , a polyester polyurethane resin; a polyurethane 
resin; a polyester resin; a vinyl resin, such as an 
acrylonitrile-butadiene-styrene resin , an 
10 acrylonitrile-styrene resin , polystyrene, polyacrylonitrile , 
polymethyl acrylate, polymethyl methacrylate , polyethyl 
acrylate, polyethyl methacrylate , vinyl acetate , or polyvinyl 
alcohol; or polycarbonate, or a mixture thereof can be used. 
[0038] 

15 Further, a conventionally known binder resin, e.g., a 

thermosetting resin , such as a phenolic resin , an epoxy resin , 
or a silicone resin, can be used. As the reactive organic 
low-molecular agent, a compound having at least two or more 
isocyanate (NCO) per molecule or a compound having an epoxy 

20 functional group can be used, and a mixture of the compound 
having a reactive functional group and a compound having a 
functional group having reactivity, e.g. , a hydroxyl group, 
an amino group or the like can be used. 
[0039] 

25 As an example of a method for connecting the IC chip 

14 to the antenna coil 26, there can be mentioned, as shown 
in FIG. 4 indicating the portion of the IC chip 14 upside down, 
a method in which a protruding electrode (bump) 14a formed 
on the active surface of the IC chip 14 is connected to the 

30 antenna coil 26 through an anisotropic conductive adhesive 
layer 40 by face down bonding. The anisotropic conductive 
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adhesive layer 40 is made of conductive particles dispersed 
in an adhesive resin, and can achieve conductivity only in 
the thicknesswise direction. 
[0040] 

5 As the adhesive resin for the anisotropic conductive 

adhesive layer 40, a single material, e.g., a polyurethane 
resin; a polyester polyurethane resin; a vinyl resin, such 
as an acrylonitrile-butadiene-styrene resin, an 
acrylonitrile-styrene resin, polystyrene, polyacrylonitrile , 
10 polymethyl acrylate, polymethyl methacrylate , polyethyl 

acrylate, polyethyl methacrylate , vinyl acetate , or polyvinyl 
alcohol ; a polycarbonate resin ; or an epoxy resin , or a mixture 
or composite thereof can be used. 
[0041] 

15 As the conductive particles dispersed in the adhesive 

resin, Au , Ni , Al , Sn, or particles obtained by subjecting 
the surface of nonconductive particles, hollow particles, or 
foil pieces to conductivity treatment (physical or chemical 
treatment using Au, Ni , Al , or Sn) can be used. These 

20 conductive particles may be dispersed in the adhesive resin 
in a state such that they have a surface 

nonconductivity-treated with an organic substance or the like . 
In mounting of the IC chip 14, when the IC chip 14 is pressed 
and heated, the nonconductivity-treated layer on the surface 
25 of the nonconductivity-treated particles breaks and the 
conductor surface is exposed, creating an electrical 
connection between the IC chip 14 and the antenna pattern 26. 
[0042] 

The sealing resin 15 provided for encapsulating the IC 
30 chip 14 is introduced so as to encapsulate the IC chip 14 mounted 
on the insulating substrate 19. As the sealing resin 15, an 
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epoxy, silicon, or phenolic thermosetting resin can be used. 
For suppressing a stress on the IC chip 14 due to volume shrinkage 
caused by the thermosetting reaction, a single material of 
filler, hollow particles, or foil pieces, or a composite 
5 thereof is dispersed in the sealing resin 15. The filler, 
hollow particles, or foil pieces used has a size or particle 
size and a mixing ratio appropriately adj usted for suppressing 
a stress caused by shrinkage. The reinforcing plate 16 is 
provided on the sealing resin 15 so as to cover the IC chip 
10 14 before the sealing resin 15 is cured. 
[0043] 

In the reinforcing plate 16 used here , a material having 
a Vickers hardness of 200 to less than 580 is suitable. The 
Vickers hardness is determined in accordance with the 

15 measurement method described in JIS-Z2244, and a Vickers 
hardness tester specified in JIS-B7725 is used. With respect 
to the form and size of the reinforcing plate 16, one having 
a circular form or substantially circular form having a 
diameter equal to or larger than the longest length of the 

20 ic chip 14 is used. Examples of materials having a Vickers 
hardness of 200 to less than 580 include nonferrous metal 
materials, such as Cu-Sn-P, Ni-Cu-Zn, and Cu-Be-Ni-Co-Fe ; 
nickel alloy materials, such as Ni-Co, Ni-Cr, and Ni-Mo-Cu; 
nickel-iron alloy materials, such as Ni-Fe; 

25 titanium-molybdenum-stainless steel materials, such as 

SUS304, SUS301, SUS316, SUS631, ASL350, SUS430, and SUS420; 
and carbon steel, such as SK materials, and materials having 
further improved hardness obtained by subjecting the above 
material to thermal treatment can be used. The reinforcing 

30 plate 16 used may have a thickness of 30 |im or more, preferably 
50 [im or more, and, for obtaining a card having a thickness 
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which falls in the range specified in ISO standard, it is desired 
that the upper limit of the thickness of the reinforcing plate 
16 is 100 |J.m or less. 
[0044] 

5 The sealing resin 17 and reinforcing plate 18 provided 

on the IC mounted portion on the IC non-mounted surface of 
the ICmodule 11 are comprised of the above-described materials . 
The IC chip 14 is disposed between the two reinforcing plates 
16, 18 and hence improved in resistance to bending due to an 
10 external force, so that the reliability of the IC card 10 can 
be secured. 
[0045] 

Next, the structure of the core layer 12 in the present 
invention is described. The core layer 12 has the IC module 

15 11 shown in FIG. 5 disposed therein, and has a laminate of 
a plurality of sheet materials having the IC module 1 1 disposed 
therebetween. Examples of structures of the core layer 12 
prior to forming (prior to hot-press) are shown in FIGs. 6 
to 8 . 

20 [0046] 

An IC card 10A shown in FIG. 6 is an example in which 
the core layer 12 includes a pair of outer core sheets SI, 
S4 and a pair of inner core sheets S2 , S3. The inner core 
sheet S2 is adjacent to the IC module 11 on the side of the 

25 ic non-mounted surface , and the inner core sheet S3 is adj acent . 
to the IC module 11 on the side of the IC mounted surface. 
The outer core sheet SI is stacked on the inner core sheet 
S2, and the outer core sheet S4 is stacked on the inner core 
sheet S3. 

30 [0047] 

The inner core sheets S2, S3 have, respectively, through 
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holes S2c, S3b provided in portions corresponding to the 
respective chip mounted portions of the IC module 11. The 
through holes S2c , S3b are formed so that they are larger than 
the individual outer diameters of the sealing resins 15, 17 
5 and rein forcing plates 16,18 provided on the IC mounted portion 
of the IC module 11, and, when the inner core sheets S2 , S3 
are individually stacked on the IC module 11 , the through hole 
S3b contains therein the IC chip 14, the sealing resin 15, 
and the reinforcing plate 16 and the through hole S2c contains 
10 therein the sealing resin 17 and the reinforcing plate 18 (see 
FIG. 6) . 
[0048] 

In the present embodiment, the sum A (= B 4- C) of a height 
B (|im) of the through hole S3b and a height C (Jim) of the through 

15 hole S2c is set to be, as shown in FIG. 5, in the range of 
(Bl + Cl) ±30 |-im wherein Bl (^m) represents a pro j ection height 
of the IC mounted portion on the IC mounted surface of the 
IC module 11, and CI (Jim) represents a projection height of 
the IC mounted portion on the IC non-mounted surface of the 

20 ic module 11. 
[0049] 

When the sum A of the heights of the through holes S3b, 
S2c is larger than the sum of the projection heights Bl , CI 
of the IC module 11, an empty region in which the IC mounted 

25 portion is not contained is formed in the through hole to cause 
a step. This step is filled with a molten resin which flows 
from the periphery during the hot-press, so that the card 
surface portion above the IC mounted portion is prevented from 
becoming uneven, thus improving the flatness of the card 

30 surface. In addition, when the sum A of the heights of the 
through holes S3b , S2c is smaller than the sum of the pro j ection 
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heights Bl, CI of the IC module 11, the IC mounted portion 
projecting from the through hole forms a step, and the sheet 
materials stacked on the step are molten by heating during 
the hot-press and spread to absorb the step, so that the card 
5 surface portion above the IC mounted portion is prevented from 
becoming uneven, thus improving the flatness of the card 
surface . 
[0050] 

On the other hand, when the difference between the sum 
10 A of the heights of the through holes S3b, S2c and the sum 
of the projection heights (Bl + CI) is larger than 30 |im, the 
step caused in this case is not absorbed satisfactorily during 
the hot-press step and eventually causes the card surface to 
be uneven, so that favorable printing properties cannot be 
15 obtained. 
[0051] 

When the core layer 12 is configured so as to meet the 
above requirement, not only can deformation of the printed 
patterns on the outer sheets 21, 22 in the IC mounted portion 

20 be suppressed, but also the card surface on which the rewrite 
sheet 25 is formed can be improved in flatness, so that no 
spacing loss is caused between the rewrite sheet 25 and a 
printing head, thus making it possible to secure satisfactory 
printing properties . 

25 [0052] 

It is more preferred that the sum A of the heights of 
the through holes S3b, S2c is set so as to satisfy a relationship 
(Bl + CI) - 20 \im < A < (Bl + CI) + 10 (im. In this case, the 
flatness of the card surface is further improved, so that very 
30 favorable printing properties with respect to the rewrite sheet 
25 can be obtained. 
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[0053] 

Further, when the height B of the through hole S3b is 
in the range of Bl ± 30 |J.m and the height C of the through 
hole S2c is in the range of CI ± 30 jam, further favorable effect 
5 can be obtained. 
[0054] 

When the heights B, C of the through holes S3b, S2c are 
respectively larger than the projection heights Bl, CI of the 
IC module 11, an empty region in which the IC mopnted portion 

10 is not contained is present in the through hole. This region 
is filled with a molten resin which flows from the periphery 
during the hot-press, so that the card surface portion above 
the IC mounted portion is prevented from becoming uneven , thus 
improving the flatness of the card surface . In addition , when 

15 the heights B, C of the through holes S3b, S2c are respectively 
smaller than the projection heights Bl, CI of the IC module 
11, the IC mounted portion projecting from the through hole 
forms a step, and the sheet materials stacked on the step are 
molten by heating during the hot-press and spread to absorb 

20 the step, so that the card surface portion above the IC mounted 
portion is prevented from becoming uneven, thus improving the 
flatness of the card surface. 
[0055] 

On the other hand, when the difference between the height 
25 b of the through hole S3b and the projection height Bl and 
the difference between the height C of the through hole S2c 
and the projection height CI are individually larger than 30 
\im, the step caused in this case is not absorbed satisfactorily 
during the hot-press step and eventually causes the card 
30 surface to be uneven, so that favorable printing properties 
cannot be obtained. 
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[0056] 

The height B of the through hole S3b and the height C 
of the through hole S2c can be determined from, respectively, 
the sheet thickness of the inner core sheet S3 and the inner 
5 core sheet S2 , in which these through holes are formed. 
[0057] 

When the IC non-mounted surface of the IC module 11 is 
reinforced by neither an sealing resin nor a reinforcing plate , 
the inner core sheet adjacent to the IC non-mounted surface 
10 has no through hole. That is, when CI is 0, C is 0. 
[0058] 

The structure of the core layer 12 is not limited to 
the structure shown in FIG. 6. For example, an IC card 10B 
shown in FIG. 7 has a structure as an example in which an outer 

15 sheet 21 is stacked without an outer core sheet directly on 
an inner core sheet S3 stacked on the IC mounted surface of 
the ICmodule , and the structure other than this point is similar 
to the structure example shown in FIG. 6. The IC card 10B 
is constructed so that the sum A of the heights of the through 

20 holes S3b, S2c formed in the inner core sheets S3, S2 and the 
sumof theproj ection heights (Bl + Cl) of the ICmountedportions 
of the IC module 11 satisfy a relationship A = (Bl + CI) ± 
30 |^m. 
[0059] 

25 On the other hand, the core layer 12 of an IC card 10C 

shown in FIG. 8 has a structure in which a hole S4b is formed 
in an outer core sheet S4 stacked on the IC mounted surface 
of the IC module 11 so that the hole S4b is aligned with the 
through hole S3b in the inner core sheet S3 adjacent to the 

30 outer core sheet S4 and has the same form as that of the through 
hole S3b. The structure in this case also satisfies the above 
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formula, i.e. , a relationship A = B + C = (Bl + CI) ± 30 ^im. 
In this case, the height B of the through hole on the side 
of the IC mounted surface of the IC module 11 corresponds to 
the sum of the height of the through hole S3b in the inner 
5 core sheet S3 and the height of the through hole S4b in the 
outer core sheet S4. 
[0060] 

The structure of the core layer 12 is not limited to 
the above examples and, for example, the inner core sheet 

10 stacked on the IC mounted surface and/or the IC non-mounted 
surface of the IC module 11 may be comprised of a laminate 
of a plurality of sheet materials. In this case, the height 
of the through holes in which the ICmountedportion is contained 
is determined by the total thickness of the sheet materials 

15 in which the through holes are formed. 
[0061] 

As the inner core sheets S2 , S3 and the outer core sheets 
SI, S4 constituting the core layer 12, those comprised of a 
crystalline thermoplastic resin having a crystallinity as low 

20 as 5 % or less are used. As the crystalline thermoplastic 
resin having a crystallinity as low as 5 % or less , specifically, 
a single material of a noncrystalline resin , e.g., a copolymer 
(PETG) of terephthalic acid , cyclohexanedimethanol , and 
ethylene glycol; an alloy of the copolymer and polycarbonate 

25 (PC) ; a copolymer of terephthalic acid, isophthalic acid, and 
ethylene glycol ; an acrylonitrile-butadiene-styrene 
copolymer resin; a polystyrene resin; a polyacrylonitrile 
resin ; a polyvinyl alcohol resin ; a polymethyl acrylate resin ; 
a polymethyl methacrylate resin; a vinyl acetate resin; or 

30 a polycarbonate resin, or a mixture thereof can be used. 
[0062] 
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When thermoplastic resins having largely different 
processing temperatures or fluidity are used in the sheets, 
forming of the sheets is difficult , and therefore , it is desired 
that the same resin material is used in the sheets. When 
5 thermoplastic resins having a processing temperature or 
fluidity suitable for the forming of the sheets are used as 
constituent materials for the sheets , amaterial having a ratio 
of PETG : PC = 5 : 5 to 3 : 7 is used in the two or more sheet materials 
(e.g. , inner core sheets S2 , S3) having the IC module 11 disposed 

10 therebetween, thus making it possible to suppress 

deterioration of the printing properties due to the card 
deformation caused by a lack of the heat resistance , and further , 
it is desired that all the sheet materials constituting the 
core layer 12 are individually comprised of a material having 

15 a ratio of PETG: PC = 5:5 to 3:7. 
[0063] 

These resins do not generate halogen gas including 
hydrogen chloride, which is considered to largely affect 
incinerators and the environment in the thermal disposal for 
20 the used resins. Therefore, the use of the above-mentioned 
resins facilitates waste disposal and makes it possible to 
lower a load on the environment. 
[0064] 

A double-sided noncrystalline sheet prepared from, 
25 instead of the noncrystalline resin, a noncrystalline resin 
and a crystalline resin by a co-extrusion method can be used. 
Further, in the low crystalline polyester resin or another 
resin, an additive and a substance, such as a polymer, may 
be added in an amount of 50 % by weight or less, preferably 
30 15 % by weight or less. 
[0065] 
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On the other hand, as a resin usable in the outer sheets 
21, 22, a single material , e.g., polyimide; polyester, such 
as polyester, polyethylene terephthalate , or polyethylene 
naphthalate ; polyolefin, such as propylene; cellulose, such 
5 as cellulose triacetate or cellulose diacetate ; a vinyl resin , 
such as an acrylonitrile-butadiene-styrene resin, an 
acrylonitrile-styrene resin, polystyrene, polyacrylonitrile , 
polymethyl acrylate, polymethyl methacrylate , polyethyl 
acrylate, polyethyl methacrylate , vinyl acetate , or polyvinyl 
10 alcohol; or polycarbonate, or a mixture thereof can be used, 
and, for improving the bonding by hot melting, an adhesive 
layer may be additionally formed. 
[0066] 

In the adhesive layer additionally formed, a single 
15 material, e.g., a polyester resin; a polyurethane resin; a 
polyester polyurethane resin; a vinyl resin, such as an 
acrylonitrile-butadiene-styrene resin , an 

acrylonitrile-styrene resin, polystyrene, polyacrylonitrile, 
polymethyl acrylate, polymethyl methacrylate, polyethyl 
20 acrylate, polyethyl methacrylate , vinyl acetate , or polyvinyl 
alcohol ; a polycarbonate resin ; or an epoxy resin , or a mixture 
or composite thereof can be used. 
[0067] 

Next, the rewrite sheet 25 provided on one surf ace (upper 
25 surface as. viewed in FIGs . 1 and 6 to 8) of the IC card 10 
is formed as a rewritablerewritable display layer, and a 
printing operation is made by scanning a printing head on the 
rewrite sheet 25, and the rewrite sheet 25 is, for example, 
a rewritablerewritable heat-sensitive recording layer. 
30 [0068] 

The heat-sensitive recording layer can be selected from 
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a polymer/low-molecule-type heat-sensitive recording layer 
which reversibly changes from an opaque layer to a transparent 
layer depending on the change in the crystal state of the organic 
low-molecular substance dispersed in a resin matrix, and a 
5 leuco compound- type heat-sensitive recording layer comprised 
of a thermally coloring composition which utilizes a 
rewritablerewritable color reaction between an 
electron-donating coloring compound and an 

electron-accepting compound dispersed in a resin matrix . The 
10 heat-sensitive recording layer can be formed by a printing 
method, a coating method or the like so that the thickness 
becomes about 4 to 2 0 |Lim. 
[0069] 

As examples of organic low-molecular substances 
15 dispersed in the polymer/low-molecule-type heat-sensitive 
recording layer, there can be mentioned fatty acids, fatty 
acid derivatives, and alicyclic organic acids, more 
specifically, saturated and unsaturated fatty acids and 
dicarboxylic acids, myristic acid, pentadecanoic acid, 
20 palmitic acid, heptadecanoic acid , stearic acid, nonadecanoic 
acid, arachic acid, behenic acid, lignoceric acid, cerotic 
acid, montanic acid, andmelissic acid, and specific examples 
of unsaturated fatty acids include oleic acid, elaidic acid, 
linoleic acid, sorbic acid, and stearolic acid. The fatty 
25 acids, fatty acid derivatives, and alicyclic organic acids 
are not limited to these, and one of these or a mixture of 
two or more of these can be used. 
[0070] 

As the resin matrix to be used, a single material , e.g., 
30 an acrylic resin, an urethane resin, a polyester resin, a 
cellulose acetate resin, a nitrocellulose resin, a vinyl 
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chloride resin, or a vinyl acetate resin, or a mixture or 
copolymer thereof may be used. In addition, for controlling 
the range of temperatures at which the rewritable 
heat-sensitive recording portion becomes transparent, a 
5 plasticizer for the resin, a high-boiling point solvent or 
the like can be added in an amount of 0.1 to 20 % parts by 
weight, based on the weight of the resin matrix. Further, 
for improving the rewritable heat-sensitive recording portion 
in resistance to repeated printing and erasing , a curing agent , 
10 a crosslinking agent or the like suitable for 

three-dimensionally crosslinking of the resin matrix can be 
added in an amount of 0.5 to 10 % parts by weight, based on 
the weight of the resin matrix. 
[0071] 

15 On the other hand, the leuco compound-type 

heat-sensitive recording layer can be formed from a thermally 
coloring composition, which utilizes a rewritable color 
reaction between the leuco compound and the color developing 
and erasing agent dispersed in the resin matrix, by a printing 

20 method, a coating method or the like so that the thickness 
becomes about 4 to 20 (im. As a generally colorless or pale 
color leuco compound used in the heat-sensitive recording layer , 
representatively, ones which are generally used in pressure 
sensitive recording paper, thermal recording paper, light 

25 sensitive recording paper, electro-thermo sensitive 

recording paper, or thermal transfer paper, i.e. , xanthene, 
spiropyran, lactone, fluoran, and sultone compounds having 
a partial skeleton, such as lactone, sultone, or spiropyran 
are used, but there is no particular limitation. 

30 [0072] 

Specific example of leuco compounds include 
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3 , 3-bis (p-dimethylaminophenyl) -6-dimethylaminophthalide , 
3 , 3-bis (p-dimethylaminophenyl) phthalide , 

3 , 3-bis (1 , 2-dimethylindole-3-yl) -6-dimethylaminophthalide , 
3-dimethylamino-6-chloro-7-methylf luoran , 
5 3 , 3-bis (9-ethylcarbazole-3-yl-5) -dimethylaminophthalide , 
3 -dimethyl amino- 7 -dibenzylaminof luoran , 
3-diethylamino- 7 -chlorof luoran , 
3-diethy 1 amino- 6-methyl- 7 -anilinof luoran , 
3-piperidino- 6 -methyl- 7 -anil inof luoran , 
10 3- (n-ethyl-n-nitrile) amino-6-methyl-7-anilinof luoran , 
3-dibutylamino-6-methyl-7-anilinof luoran , and 
3- (n-ethyl-n-tetrahydrof uryl) amino-6-methyl-7-anilinof luo 
ran, and these may be used individually or in combination. 
[0073] 

15 The color developing and erasing agent is a compound 

which reversibly emits protons utilizing the effect of heat 
energy and has both color developing effect and color erasing 
effect for the leuco compound. In other words, the color 
developing and erasing agent has both an acidic group comprised 

20 of a phenolic hydroxyl group or a carboxyl group and a basic 
group comprised of an amino group, and becomes acidic or basic 
due to the change of heat energy to cause the leuco compound 
to be colored or erased . The basic group may be present either 
in the form of a functional group or in the form of part of 

25 the compound . Examples of color developing and erasing agents 
having any one of a functional group as an acidic group and 
a functional group as a basic group for the color developing 
and erasing agent include aminobenzoic acid, o-aminobenzoic 
acid, 4-amino-3-methylbenzoic acid, 3-amino-4-methylbenzoic 

30 acid, 2-amino-5-ethylbenzoic acid, 3-amino-4-butylbenzoic 
acid , 4-amino-3-methoxybenzoic acid , 
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3- amino-4-ethoxybenzoic acid, 2-amino-5-chlorobenzoic acid, 
4~amino-3-bromobenzoic acid, 2-amino-2-nitrobenzoic acid, 

4- amino-3-nitrobenzoic acid, 3-amino-4-nitrilebenzoic acid, 
aminosalicylic acid, diaminobenzoic acid, 

5 2-methyl-5-aminonaphthoic acid, 3-ethyl-4-aminonaphthoic 
acid, nicotinic acid, isonicotinic acid, 2-methylnicotinic 
acid, and 6-chloronicotinic acid. As a color developing and 
erasing agent having a basic group in the form of part of a 
basic compound, there can be mentioned salts or complex salts 

10 of a compound having a phenolic hydroxyl group or a carboxyl 
group and a compound having an amino group , and examples include 
salts or complex salts of an acid, such as a hydroxybenzoic 
acid, a hydroxysalicylic acid, a gallic acid, or 
bisphenolacetic acid, and a base, such as an aliphatic amine, 

15 a phenylalkylamine, or a triallylalkylamine . Specific 

examples include p-hydroxybenzoic acid-alkylamine salts, 
p-hydroxybenzoic acid-phenylalkylamine salts , 
m-hydroxybenzoic acid-alkylamine salts, methyl 
p-hydroxybenzoate-alkylamine salts , stearyl 

20 p-hydroxybenzoate-alkylamine salts , bisphenolacetic 

acid-alkylamine , and octyl bisphenolacetate-alkylamine salts , 
and these may be used individually or in combination. The 
leuco compound and the color developing and erasing agent are 
not limited to these, and one of these or a mixture of two 

25 or more of these can be used. 
[0074] 

As the resin matrix, a single resin, e.g., an acrylic 
resin, a polyester resin, a polyurethane resin, polyurea, 
melamine, polycarbonate, polyamide, polyvinyl pyrrolidone, 
30 polyvinyl alcohol, polyvinyl chloride, or polyvinyl butyral , 
or a mixture or copolymer thereof may be used. Further, for 



improving the rewritable heat-sensitive recording portion in 
resistance to repeated printing and erasing, a curing agent, 
a crosslinking agent or the like suitable for 
three-dimensionally crosslinking of the resin matrix can be 
added in an amount of 0.5 to 10 % parts by weight, based on 
the weight of the resin matrix. In addition, for further 
improving the resistance, an ultraviolet absorber having 
relatively high compatibility with the leuco compound can be 
added . 
[0075] 

As a method for producing the IC card 10 of the present 
invention , a melting lamination method by means of a hot-press 
can be used. The melting lamination method is a method in 
which materials for the card are together disposed between 
mirror plates larger than them and integrated by means of a 
hot-melt press. As the mirror plate used in this instance, 
a nickel -chromium plated copper plate , a stainless steel plate 
having a polish surface, or an aluminum plate having a polish 
surface can be used. In the melting lamination method, 
transparent protecting sheets are laminated on both surfaces 
of the printed card, and, in this case, the types of the 
protecting sheets on the both surfaces may be different, 
respectively. Characters or patterns can be printed on the 
card by a printing method used for conventional paper and 
plastics, specifically, a known printing method, such as an 
of f set printing method, a screen printing method , or a gravure 
printing method. 
[0076] 

After the melting lamination, the integrated card 
material is peeled off the mirror plates , and punched out into 
a card form by means of single-edged or male-female dies. 



. 27 

[0077] 

After punching into a card form, generally, characters 
are embossed on the card by means of an embosser , and the embossed 
characters are colored by tipping using a thermal transfer 
5 foil, or magnetic information is encoded on magnetic stripes, 
and, if desired, a facial portrait, a barcode or the like is 
transferred to finish the IC card. Further, for improving 
the pattern printed layer in, e.g., resistance to wear, a 
protecting layer can be provided . Furthermore , for providing 

10 a contact IC chip, the surface of the card is cut to form a 
recess, and then an IC chip is embedded in the recess using 
an adhesive, so that a combination or hybrid card having both 
a non-contact IC and a contact IC can be prepared. 
[0078] 

15 Examples 

Next, Experimental Examples 1 to 36 conducted for 
checking the effect of the present invention will be described . 
In the following Experimental Examples , an explanation is made 
with reference to specific values, but the present invention 
20 is not limited by these values. 
[0079] 

In the following Examples, mainly, IC cards having the 
structure examples shown in FIGs . 6 to 8 were prepared as samples 
for evaluation wherein the thickness values of and the 
25 materials for the sheet materials constituting the core layer 
having the IC module disposed therein were changed, and 
examinations for evaluation of the printing properties with 
respect to the rewrite layer on the card surface were conducted . 
[0080] 

■30 Experimental Example 1 

An IC card 10A having the structure example shown in 
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FIG. 6 was prepared as a sample for evaluation. 
[0081] 

(1) First, an IC module 11 was produced as follows. 
A polyester polyurethane resin solution was applied to 
5 an insulating substrate 19 comprised of polyethylene 

terephthalate having a thickness of 50 |im and dried to form 
a bonding layer having a thickness of 5 |im. Then, an aluminum 
-foil was put on the adhesive layer and a resist was applied 
onto the aluminum foil, and then subjected to exposure and 

10 development treatment to form a resist pattern for antenna 
circuit, followed by etching treatment ; thus forming an antenna 
pattern comprised of aluminum. The thickness of the 
insulating substrate 19 including the antenna pattern was 60 
|j.m. Next, an IC chip (4 mm x 4 mm) 14 was mounted by face 

15 down bonding on the IC mounted portion of the insulating 
substrate 19 through an anisotropic conductive layer 40 (see 
FIG. 4) . Then, epoxy sealing resins 15, 17 are respectively 
applied to the IC mounted surface and the IC non-mounted surface 
of the insulating substrate 19 , and further reinforcing plates 

20 16, 18 made of SUS304H (diameter: 7 mm; thickness: 50 ^im) are 
respectively placed thereon and cured at 100°C to produce an 
IC module 11 . 
[0082] 

For measuring a projection height Bl on the IC mounted 
25 surface of the IC module 11 prepared and a projection height 
CI on the IC non-mounted surface, the thickness of the whole 
module at the IC mounted portion was measured (30 specimens) , 
and then the sealing resin on the IC non-mounted surface of 
the module was removed by means of a cutter and a projection 
30 height on the IC mounted surface was measured. In the 
measurement of the thickness, a digital micrometer, 
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manufactured and sold by Mitutoyo Corporation, was used. The 
results of the measurement are as follows. 

•Thickness of whole module at IC mounted portion: 450 Jim 
• Projection height Bl on IC mounted surface: 290 \im 

5 * Projection height CI on IC non-mounted surface: 100 |im 
[0083] 

(2) Then, a core layer 12 was produced as follows. 
As inner core sheets S2 , S3 and outer core sheets SI, 
S4 constituting a core layer 12 wherein the outer core sheets 

10 were individually disposed as outer layers , a PET-G (copolymer 
of terephthalic acid, cyclohexanedimethanol , and ethylene 
glycol) sheet having incorporated thereinto commercially 
available white filler (titanium oxide) was prepared. The 
inner core sheet S3 adjacent to the IC mounted surface of the 

15 ic module 11 had a thickness of 290 |im, and the inner core 
sheet S2 adjacent to the IC non-mounted surface had a thickness 
of 100 Jim. Each of the outer core sheets SI , S4 had a thickness 
of 100 Jim. Through holes S3b, S2c each having a diameter of 
8 mm were formed, respectively, in the inner core sheets S3, 

20 S2 in a region corresponding to the IC mounted portion . Heights 
B, C of the through holes S3b, S2c are automatically determined 
by the respective sheet thickness of the inner core sheets 
S3, S2. 
[0084] 

25 The IC module 11 was disposed between the inner core 

sheets S2 , S3 and they were temporarily fixed together by 
ultrasonic bonding. The outer core sheets SI, S4 were placed 
on the respective surfaces of the sheet group temporarily fixed, 
and then they were together disposed between stainless steel 

30 mirror plates each having a thickness of 3 mm through oriented 
polypropylene (OPP) films, andpressed and hea t-mel ted by means 
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of a hot-melt press under conditions such that the temperature 

was 150°C and the pressing pressure was 0.98 MPa (10 kg/cm 2 ) . 
After solidification by cooling, the OPP films were peeled 
off to produce a core layer 12 having the IC module 11 disposed 
5 therein. 
[0085] 

(3) Then, outer sheets (printing sheets ) 21, 22 stacked 
on the surface (IC non-mounted surface) and back surface of 
the core layer 12 and a rewrite sheet (rewritable 

10 heat-sensitive recording sheet) 25 stacked on the top surface 
were produced as follows . Patterns for the card front surface 
and cardback surf ace were individually printedon polyethylene 
terephthalate sheets each having a thickness of 75 |im by a 
silk printing/offset printing method, and then an adhesive 

15 composition having the formulation shown below was applied 
to the individual inner surfaces (surfaces which face the core 
layer) of the sheets by a gravure printing method so that the 
thickness of the composition applied became 3 [im, and then 
dried at a drying temperature of 100°C to prepare a front surface 

20 printing sheet 2 2 and a back surf ace printing sheet 2 1 . Further , 
as a rewritable heat-sensitive recording sheet 25, a 
commercially available leuco coloring- type rewrite sheet 
shown below was prepared. 
<Adhesive compos it ion> 

25 Polyester resin: 40 Parts by weight (28 . 6 % by weight) 

Toluene : 50 Parts by weight (35.7 % by weight) 

Methyl ethyl ketone: 50 Parts by weight (35 . 7 % by weight) 
<Rewritable heat-sensitive recording sheet> 
Manufactured and sold by MITSUBISHI PAPER MILLS LIMITED 

30 Substrate (PET) thickness: 25 ^im 

Recording layer thickness: 7 |im 
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Protecting layer thickness: 3 ^im 

[0086] 

(4) Forming of a card was conducted as follows. 
The top surface printing sheet 22 and rewritable 
5 heat-sensitive recording sheet 25 prepared in (3) above were 
placed on the surface (IC non-mounted surface) of the core 
layer 12 prepared in (2) above so that the recording layer 
was disposed as an outer layer, and the back surface printing 
sheet 21 prepared in (3) above was placed on the back surface 

10 (IC mounted surface) of the core layer 12, and then they were 
temporarily fixed together using an ultrasonic bonding machine . 
The sheet group temporarily fixed was disposed between 
stainless steel mirror plates each having a thickness of 3 
mm through OPP films, and pressed and heat-melted by means 

15 of a vacuum hot-melt press under conditions such that the 
temperature was 120°C and the pressing pressure was 0.98 MPa 
(10 kg/cm 2 ) . After solidification by cooling, the OPP films 
were peeled off and the card formed product was taken out, 
followed by punching out into a card form, to produce a 

20 non-contact IC card having a rewritable heat-sensitive 
recording layer in Experimental Example 1. 
[0087] 

Experimental Examples 2 to 15 

IC cards 10A having the structure example shown in FIG. 

25 6 were individually prepared as samples for evaluation in 
accordance with substantially the same procedure as in 
Experimental Example 1 except that the inner core sheets S2, 
S3 having the respective thickness values shown in FIG. 9 1 
were used in these Experimental Examples . 

30 [0088] 

Experimental Example 16 
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An IC card 10A having the structure example shown in 
FIG. 6 was produced as a sample for evaluation in accordance 
with substantially the same procedure as in Experimental 
Example 1 except that, as constituent materials for the inner 
5 core sheets S2 , S3, the materials shown in FIG. 9 were used 
in this Experimental Example. 
[0089] 

Experimental Example 17 

An IC card 10A having the structure example shown in 

10 FIG. 6 was produced as a sample for evaluation in accordance 
with substantially the same procedure as in Experimental 
Example 1 except that, as constituent materials for the inner 
core sheets S2 , S3 and the outer core sheets SI , S4, thematerials 
shown in FIG. 9 were used in this Experimental Example. 

15 [0090] 

Experimental Examples 18 to 32 

IC cards 10B having the structure example shown in FIG. 
7 were individually produced as samples for evaluation. In 
these Experimental Examples , the sheet materials constituting 

20 the core layer 12 having the IC module 11 prepared in (1) above 
disposed therein were comprised of three layers of inner core 
sheets S2 , S3 and outer core sheet SI, and the thickness and 
constituent materials for the sheets are shown in FIG. 9. 
[0091] 

25 Experimental Example 33 

An IC card 10A having the structure example shown in 
FIG. 6 was produced as a sample for evaluation in accordance 
with substantially the same procedure as in Experimental 
Example 1 except that, as constituent materials for the inner 

30 core sheets S2 , S3 and the outer core sheets SI , S4 , thematerials 
shown in FIG. 9 were used in this Experimental Example. 
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[0092] 

Experimental Example 34 

An IC card 10B having the structure example shown in 
FIG. 7 was produced as a sample for evaluation. In this 
Experimental Example , the thickness and constituent materials 
for the inner core sheets S2 , S3 and the outer core sheets 
SI are shown in FIG. 9. 
[0093] 

Experimental Example 35 

An IC card 10A having the structure example shown in 
FIG. 6 was produced as a sample for evaluation in accordance 
with substantially the same procedure as in Experimental 
Example 1 except that, as constituent materials for the inner 
core sheets S2 , S3 and the outer core sheets SI , S4 , the materials 
shown in FIG. 9 were used in this Experimental Example. 
[0094] 

Experimental Example 36 

An IC card 10C having the structure example shown in 
FIG. 8 was produced as a sample for evaluation. In this 
Experimental Example , the thickness and constituent materials 
for the inner core sheets S2 , S3 and the outer core sheets 
SI, S4 are shown in FIG. 9. In addition, in this Experimental 
Example, the height B of the through hole on the side of the 
IC mounted surface corresponds to the sum of the thickness 
of the inner core sheet S3 and the thickness of the outer core 
sheet S4, i.e., 300 [am. 
[0095] 

With respect to the samples in Experimental Examples 
1 to 36, the structure of the core layer, and the results of 
evaluations of the printing properties and the printing 
properties after the heat resistance test, and generation of 
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halogen gas during the incineration are shown in FIG. 10. 
[0096] 

In FIG . 10 , in each of the columns for the sheet thickness 
C of the inner core sheet S2 (height of the through hole S2c) , 
5 the sheet thickness B of the inner core sheet S3 (height of 
the through hole S3b) , and the sum A (= B + C) of the heights 
of the sheet through holes, figures in [] indicate the 
difference between the individual height and the height CI, 
Bl, or Bl + CI, wherein Bl represents a projection height on 
10 the IC mounted surface of the IC module 11, and CI represents 
a projection height on the IC non-mounted surface. 
[0097] 

(5) Evaluation 
Printing properties 

15 The printing properties of the rewritable 

heat-sensitive recording layer of the card were evaluated as 
follows. Printing was conducted using a thermal printer, 
manufactured and sold by Kyushu Matsushita Electric Co . , Ltd . , 
at energy applied to a thermal head of 0.45 mJ/dot, and, with 

20 respect to the region of the card front and back surfaces above 
the IC mounted portion, when print missing occurred, the 
printing properties were ratedx (cross) ; when slight touching 
occurred on the printed portion, the printing properties were 
rated A (triangle) ; when print missing occurred slightly, 

25 the printing properties were rated O (circle) ; and when no 
print missing occurred, the printing properties were rated 
© (double circle) (see FIG. 10). 
[0098] 

When print missing or slight touching occurs on the 
30 periphery of the IC portion , the card surface is convex , whereas , 
when print missing or slight touching occurs on the IC portion , 
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the card surface is concave. The spacing loss between the 
convex card surface and a thermal head is small, as compared 
to that in the concave card surface, and therefore the convex 
card surface is easy to achieve satisfied printing properties . 
5 [0099] 

Heat resistance 

The IC card prepared was hold in an environment at 
70°C/60 % RH for 72 hours, and cooled down to room temperature 
and then, the printing properties were evaluated. The 
10 criteria for evaluation of the printing properties were the 
same as those mentioned above in connection with the printing 
properties . 
[0100] 

From a comparison between Experimental Examples 1 to 
15 15, it is found that, when the sum A of the thickness B of 
the inner core sheet S3 on the IC mounted surface (height of 
the through hole S3b) and the thickness C of the inner core 
sheet S2 on the IC non-mounted surface (height of the through 
hole S2c) falls in the range of ±30 ^im of the sum (Bl + CI 
20 = 390 jam) of the projection height Bl on the IC mounted surface 
of the IC module 11 and the projection height CI on the IC 
non-mounted surface (i.e., in the range of from 360 to 420 
|am) , the printing properties are favorable (samples other than 
the samples having printing properties before the heat 
25 resistance test rated X were judged to have satisfied printing 
properties) . 
[0101] 

Particularly, from the results of the individual 
Experimental Examples, it is found that, when the thickness 
30 c of the inner core sheet S2 is in the range of ±30 |Lim of the 
projection height CI on the IC non-mounted surface of the IC 
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module 11 and the thickness B of the inner core sheet S3 is 
in the range of ±30 |im of the projection height Bl on the IC 
mounted surface of the IC module 11, favorable printing 
properties can be obtained. Further, it is found that, when 
5 a relationship (Bl + CI) - 20 film < A < (Bl + CI) + 10 \im is 
satisfied, that is, A is in the range of from 370 to 400 [im, 
the printing properties are generally very satisfied. 
[0102] 

Further, from a comparison between Experimental 
10 Examples 1, 16, 17, and 35, it is found that, when a PETG/PC 
thermoplastic resin sheet is used in at least part of the sheet 
materials constituting the core layer , the printingproperties 
after the high-temperature and high-humidity environmental 
test at 70°C/60 % RH for 72 hours do not deteriorate. The 
15 reason for this is presumed that a polymer alloy of PETG and 
PC has better heat resistance, as compared to a PETG single 
material, and suppresses deterioration of the printing 
properties . 
[0103] 

20 on the other hand , from a comparison between Experimental 

Examples 17 and 21, it is found that, in the same structure 
for the thickness of the inner core sheets S2, S3, when the 
outer core sheet S4 is not formed on the opposite side of the 
rewritable heat-sensitive recording sheet 2 5 but the thickness 

25 of the outer core sheet SI on the side of the rewritable 
heat-sensitive recording sheet 25 is increased to make up for 
a lack of the card thickness , the printing properties are more 
improved. The reason for this is presumed that the increase 
of the thickness of the outer core sheet SI underlying the 

30 rewritable heat-sensitive recording sheet 25 makes it possible 
to prevent the uneven surface of the IC mounted portion from 
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causing the card surface to become uneven. 
[0104] 

Further, from a comparison between Experimental 
Examples 17 to 32, it is found that, in the structure in which 
5 the outer core sheet S4 is not formed but the thickness of 
the outer core sheet SI is increased, when the sum A of the 
thickness of the inner core sheets S2 , S3 falls in the range 
of (Bl + CI) ± 30 ^im, the printing properties are individually 
satisfied. Particularly, from the results of the individual 

10 Experimental Examples, it is found that, when the thickness 
C of the inner core sheet S2 is in the range of ±30 |im of the 
projection height CI on the IC non-mounted surface of the IC 
module 11 and the thickness B of the inner core sheet S3 is 
in the range of ±30 \im of the projection height Bl on the IC 

15 mounted surface of the IC module 11, satisfied printing 

properties can be obtained. Further, it is found that, when 
a relationship (Bl + CI) - 20 ^im < A < (Bl + CI) + 10 |im is 
satisfied, that is, A is in the range of from 370 to 400 |4,m, 
the printing properties are generally very favorable. 

20 Furthermore, it is found that no deterioration is found in 
the printing properties after the heat resistance test. 
[0105] 

It is apparent that the above theory as such applies 
to Experimental Example 36. This Experimental Example is 
25 considered to have a structure comprising the outer core sheet 
S4 and two layers comprised of the inner core sheet S3 used 
in Experimental Example 21, and therefore it is considered 
that a similar effect can be obtained. 
[0106] 

30 Finally, as is apparent from FIG .9 and FIG. 10, when 

a PETG or PETG/PC material is used as a constituent material 
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for the core layer like in Experimental Examples 1 to 32, 35, 
and 36, differing from Experimental Examples 33 and 34 using 
a vinyl chloride resin, there is no danger that halogen gas 
is generated during the incineration, thus making it possible 
5 to lower a load on the environment. 
[0107] 

The preferred embodiments of the present invention are 
described above, but the present invention is not limited to 
these embodiments, and they can be changed or modified based 
10 on the technical concept of the present invention. 
[0108] 

For example, in the above embodiments, explanation is 
made on the IC card as an example in which the rewrite sheet 
25 is formed only on the surface of the card on the side of 

15 the IC non-mounted surface, but the present invention is not 
limited to this, and the present invention can be applied to 
an IC card having a similar rewrite sheet formed on the back 
surface of the card on the side of the IC mounted surface, 
and an IC card having a rewrite sheet formed only on the back 

20 surface of the card, and favorable printing properties can 
be obtained similarly. 



